Raman lasers have attracted much interest since they allow a very wide range of wavelengths to be generated [I].
Raman lasers have attracted much interest since they allow a very wide range of wavelengths to be generated [I] .
Operation in the pulsed regime is compromised by the power dependen (b) he gain ft;}different parts of the pulse with different instantaneous power will undergo differing amounts or Kaman scattering leading to major variations in spectral content across the pulse (varying amounts of light in different Raman orders). To address this issue active pulse shaping technique can be applied to obtain rectangular shaped output pulses so that constant Raman gain can be ensured across the pulse profile [2] . Here we demonstrate a new approach combining pulse shaping with a synchronously pumped scheme [3] to produce narrower linewidths as well as higher extinction ratios between neighboring Raman Stokes lines. Several tens of nanometer of tuning range for each Stokes order and a total tuning range of over 200 nm was achieved using resonant feedback from an external bulk grating. A schematic of the synchronously pumped near-infrared (NIR) Raman laser is illustrated in Fig. 1 (a) . We investigated the synchronously tfumped Raman Stokes starting from the 15t order up to the 4t h order. Fig. 1 (b) plots example spectra for the 4 order Raman Stokes. The pulse width was 16 ns and the repetition rate was set at 400.3 kHz to meet the need for synchronization. As shown in Fig. I(b) , even though the feedback signal power was less than 0.1 % of the pump power, substantial improvement in terms of the linewidth and extinction ratio of the 4t h order Raman Stokes was observed by comparing the spectra with and without the feedback signal (centered at 1303 nm). Due to the broad Raman gain bandwidth, the output of the Raman laser can be tuned by adjusting the wavelength of the feedback signal using an external bulk grating along the feedback path. As shown in Fig. I(c) , the continuous tuning range of the 4t h Stokes was about 28 nm equivalent to 5.0 THz in the frequency domain. The peak powers of the MOPA and Raman laser outputs (from the 90% port of Tap 2) were 281 W and 1I9W respectively, which was reasonable considering the fiber launch losses and fiber attenuation at 1.0 11m. Further enhancement in output power is possible by shortening the Raman gain medium at a fixed pulse duration and repetition rate to increase the peak power required to achieve energy transfer to a given Raman order. We also studied the laser performance for other Raman Stokes order and their detailed performance characteristics will be presented at the conference.
In conclusion, we have demonstrated a synchronously pumped Raman laser source in the NIR region, pumped by a single polarization all-fiber Yb-doped PM MOPA incorporating adaptive pulse shaping. A tuning range up to 5 THz was achieved within each Stokes orders by means of an external bulk grating. Incorporation of a tunable fiber Bragg grating (FBG) should enable an all-fiber tunable pulsed Raman laser.
